I construct a novel dataset of patent collateral portfolios and use it to show that stronger creditor rights facilitate the financing of innovation. I begin by showing that (1) secured debt is an important source of financing for innovation, and (2) patents are an important form of collateral supporting this financing. Since 2003, 49% of public-sector R&D is performed by companies that have patent-secured loans. Using the random timing of court decisions that strengthened the effectiveness of state property law for patents, and variation across states in the ease of seizing loan collateral, I show that patents are more likely to be pledged when it is easier to seize them as collateral. Debt issuance, R&D investment, and patenting output also increase in response, and the increased patenting output receives more citations on average. Analysis of the debt contracts reveals that covenants and collateral act as substitutes: When creditor rights strengthen, covenants loosen, granting firms more flexibility to invest in risky projects.
Introduction
Innovation is critical to economic growth, but its financing is inhibited by problems of moral hazard and adverse selection. These frictions lead to credit rationing, increased costs of capital, and an inefficient level of innovation (Hall and Lerner (2010) ). I examine a contracting mechanism that mitigates these frictions: the use of patent portfolios as collateral for secured credit. Specifically, I ask whether stronger creditor rights -defined as an increased ability to seize collateral in bankruptcy -encourage or discourage financing and investment for innovative firms. The answer is unclear: Stronger creditor rights increase collateral value (Bester (1985) ), but may discourage risk-taking by promoting the inefficient liquidation of underperforming firms (Aghion et al. (1992) ). The linkage between creditor rights and innovation is particularly important to understand because secured debt is a growing means of financing innovative firms.
The fact that secured debt finances innovation runs counter to conventional wisdom that intangible assets -the main source of value for many innovative firms -are not pledgeable. I document this new finding by constructing a comprehensive, handcollected dataset of patent collateral portfolios in the United States. Companies with patent-backed debt perform 49% of public-sector R&D and 41% of patenting since 2003. Of the aggregate stock of patents, 16% have been pledged as collateral at some point. Borrowers range from young companies to some of the largest firms in the world, and the role of patent collateral is particularly important in innovative industries such as pharmaceuticals and software, in which firms often have few tangible assets but many valuable patents.
With these findings as motivation, I turn to the main question of this study: How do the rights of secured creditors in default affect financing and innovation for researchintensive firms? Patent collateral is subject to several unique legal issues relative to other asset classes, which effectively creates a distinct set of creditor rights for innovative firms relative to other firms. In particular, it is relatively difficult to enforce collateral claims against patents in default compared to other asset classes (Stevens (2005) ). As a result, the legal system is relatively debtor-friendly for innovative firms, raising the question whether such an arrangement is an optimal manner to encourage corporate innovation. This is the motivation behind my study: I ask whether stronger creditor rights in default encourage or discourage financing and innovation for research-intensive firms.
Answering this question is empirically challenging. Creditor rights are not randomly assigned to firms, but rather are a response to economic conditions and political economy concerns that directly affect the allocation of credit and innovative activity. I address this challenge using the random timing of four court decisions that have addressed property rights to patents under United States law. Specifically, each case addressed a potential conflict between state and federal law with respect to patent property rights, and each ruling relied on state law to reach its verdict. Some states provide stronger creditor rights than others, so these verdicts generate plausibly exogenous within-firm increases in creditor rights to patent collateral for some firms relative to other firms. Moreover, the events only affected property rights to patents, and not to any other asset class, allowing me to isolate the economic importance of patent collateral separately from any other assets pledged simultaneously.
In the year following a strengthening of creditor rights to patent collateral, affected firms exhibit a 1.40% relative increase in the probability of pledging patents as loan collateral. Their annual issuance of long-term debt increases by 1.76% of firm total assets. These findings demonstrate that weak ex ante creditor rights constrain access to collateral for innovative firms: When creditor rights strengthen, these firms are more likely to collateralize their patents, and they raise more financing. While this finding may seem natural, it is not obvious. One might expect that innovative firms avoid putting patents at risk of foreclosure, as they are often the firm's core assets. Alternatively, one might expect no significant effect if other constraints on the use of patents as collateral (such as the difficulty of valuation, or the general risk of financing innovative firms) outweigh the significance of weak creditor rights. Therefore, it is important to establish the positive impact of stronger creditor rights on secured financing before examining other outcomes.
Along with the increase in collateral usage and debt issuance, firms experiencing a strengthening of creditor rights to patent collateral exhibit a 1.75% relative increase in R&D expenditure as a fraction of total assets. This finding establishes that research investment by innovative firms is credit constrained, and that increased access to collateral via strengthened creditor rights alleviates this constraint. Over a subsequent four-year horizon, intensively-patenting firms (those that already own 20 patents or more) produce 31 more new patents on average relative to firms that do not experience a strengthening of creditor rights. This effect on innovation output is even stronger when patents are weighted by forward citations to account for variability in the economic value of patents. Interestingly, the newly-produced patents also span more technology areas: about one in five firms responds by patenting in a new technology area, a large increase given that most sample firms only patent in one or two areas. In sum, stronger creditor rights lead to increases in innovation output, not only in terms of quantity but also in terms of quality and diversity.
Analysis of the terms of debt contracts in the sample reveals a novel tradeoff underlying the increase in innovation investment and output for some firms: When creditor rights strengthen, financial covenants loosen. The ex ante annual probability of violating a loan covenant declines by 5.0% for firms experiencing a strengthening of creditor rights relative to the rest of the sample. This effect is concentrated among firms patenting in the areas of chemicals, pharmaceuticals, drugs, and medicines. Borrowers and lenders in these industries trade off ex post and ex ante creditor rights -in other words, collateral value substitutes for the protection provided by tight covenants. A lower probability of violating a covenant represents real operating flexibility, because covenant violations are known to lead to reduced investment and R&D spending (Chava and Roberts (2008) , Nini et al. (2009) , Chava et al. (2013) ).
To provide further evidence for my interpretation of the results, I investigate heterogeneity in the effects of stronger creditor rights based on the size of the firm's patent portfolio. If the strengthening of creditor rights affects firms by increasing the collateral value of their patents, then one would expect a stronger effect for firms that own more patents, and indeed this is the case. The relative increase in the probability of pledging patents is 4.00% greater for a firm in the top third of the distribution of patent portfolio size (20 patents) than a firm below this threshold. Likewise, the increase in patenting output is almost entirely concentrated in this group. This interaction effect is weaker or absent when firms are sorted on total assets or sales instead of patent portfolio size. In other words, patent portfolio size is not simply an empirical proxy for other factors, such as agency problems or access to capital markets, that are associated with typical measures of firm size.
Interestingly, sample firms with relatively few patents (fewer than 20) exhibit small but statistically significant decreases in patenting output, despite exhibiting increased debt issuance and looser financial covenants. This finding reflects an interaction between firms: Those with large patent portfolios are able to raise more financing than those with small portfolios, as described above, and they subsequently acquire external assets and employees in significant numbers. Consequently, small-portfolio firms in industries with many large-portfolio competitors experience a negative effect of strengthened creditor rights on patenting output through a crowding-out effect. Conversely, for small-portfolio firms with no large-portfolio competitors, the effect is significantly positive. In other words, the benefits of strengthened creditor rights accrue disproportionately to firms with larger patent portfolios and thus more collateral, ultimately putting their small-portfolio competitors at a disadvantage. Nevertheless, the aggregate effect on patenting is positive, because firms with fewer than 20 patents account for less than 15% of patenting output.
In sum, I find a positive effect of stronger creditor rights on corporate innovation. Credit rationing and restrictive covenants are both mitigated by stronger creditor rights, allowing investment in more and riskier innovation. The conclusions for theory and policy are several. First, innovative firms have access to a supply of valuable collateral -their patents -that has not been fully appreciated in prior studies. This is true despite the difficulty of valuing a patent and the risk involved in lending to innovative firms. Second, the strength of creditor rights in default is a critical determinant of the effectiveness of this collateral. Third, access to collateral is of first-order importance to the financing of innovation. Policies or technologies that increase the effectiveness of intangible assets as collateral have dramatic consequences for the quantity, quality, and diversity of innovation output in the economy.
Several previous studies examining the linkage between creditor rights and innovation have reached the opposite conclusion to mine: Acharya and Subramanian (2009), Acharya et al. (2011), and Seifert and Gonenc (2012) show that countries with stronger creditor rights, or that have recently strengthened creditor rights, exhibit smaller volumes of secured debt in innovative industries, less patenting, more corporate conservatism, slower firm-and industry-level asset growth rates, and lower R&D spending. Vig (2013) shows similar effects on secured debt volume, asset growth, and cash hoarding in response to a strengthening of creditor rights in India. Hsu et al. (2013) argue that credit-market development, in contrast to equity-market development, has a negative causal impact on innovation output. Their findings suggest that the conservative preferences of secured creditors lead to less risk-taking in legal regimes where those creditors receive more control rights. In Section 4, I explain how differences in our institutional settings can explain our disparate results.
The remainder of the paper is organized as follows: Section 1 describes my data sources and uses them to offer some motivating stylized facts. Section 2 explains my identification strategy, empirical specifications, and the sample used in the analysis. Section 3 presents and discusses the results. Section 4 explains my findings in the context of previous studies, and Section 5 concludes.
Data
I begin by constructing a novel dataset listing all patents pledged as collateral for secured loans since 1976. When a lender accepts a security interest in a patent, it files a notice of that interest with the United States Patent and Trademark Office (USPTO) to prevent unauthorized subsequent sales. These USPTO records have subsequently been published as flat files through the Google Patents project. From these files, I assemble a dataset containing the date, patent number, borrower name, and lender name for each pledge of patents as collateral for a loan.
I combine this data with USPTO data on patent applications, grants, transfers, citations, and classifications. I begin with the NBER patent dataset originally introduced by Hall et al. (2001) , which currently ends in 2006, and I extend it to the present using USPTO documents, matching company names with the 2006-vintage company identifiers provided by the NBER. (This extension is necessary because two of the events used in my identification strategy occur after 2006.) For patents granted since 2006, I am currently able to match 65% reliably with firm identifiers, compared with a match rate of 85% for the NBER data from . I restrict to patents that have actually been granted by the Patent Office, since this is when the company name is observed.
Where possible, companies are matched with accounting data in Compustat, using the company identifiers provided by the NBER Patent Data Project. For these companies, I also obtain all loans recorded in the Dealscan database, matching them to Compustat using the linkfile developed in Chava and Roberts (2008) . I augment this sample by performing an automated search of SEC filings on the EDGAR system. My algorithm identifies loan origination and amendment documents, extracting their dates and their effects on covenant thresholds. I focus on the the five most common financial covenants in Dealscan, 1 and I use these to construct the Murfin (2012) measure of covenant strictness, which captures the probability that a firm violates one of its covenants within the next three months.
Stylized facts about patent collateral
I first use the data to document three stylized facts about the market for patent-backed loans that motivate my analysis: First, patent-backed financing is common and growing. Figure 1a in the Appendix traces the increase over time in the frequency of this financing, from a negligible number of patents pledged in 1980 to roughly 36,000 per year recently. Figure 1b shows that roughly 15% of patents from a typical vintage are pledged as collateral within five years of being granted, a number that has also risen steadily. Given this rapid growth, the lack of research on the collateral value of patents is an important gap that I aim to fill. Table  1 examines the cross-sectional determinants of pledging a patent as loan collateral in a descriptive regression framework: Highly-cited patents in fields with more competitors (and thus potential buyers) are more likely to be pledged. Lenders are frequently banks but may also be venture funds or other non-bank lenders. Second, the flow of credit from these deals is economically large and directly finances research. Figure 2 shows that, for Compustat-listed borrowers, debt issuance and R&D expense both increase substantially as a proportion of total assets (6% and 4% respectively) when a firm borrows against its patents. Relatively few of the loans can be matched to Dealscan, but for those that can, Table 2 shows that the median ratio of loan value to firm total assets is 27%, comparable to the median of 27.7% for secured loans generally. These facts demonstrate that there are many economically large transactions in which patents are at least a portion of the collateral portfolio. Moreover, the firms that borrow against patents perform a major share of aggregate investment in innovation: Figure 3 demonstrates that between half of domestic patenting and public-sector R&D by US firms is performed by companies that have pledged patents as collateral within the previous three years (a typical maturity for a patent-backed loan). Third, patents themselves are often an economically important source of collateral value, and are not merely an afterthought for high-tangibility firms that pledge all their assets simultaneously. This is important if my study is to inform innovation policy, because many innovative firms have few tangible assets to pledge. At the industry level, the most common 3-digit SIC codes of Compustat firms pledging patents as collateral are all low-tangibility, R&D-intensive industries. Figure 4 displays the distribution of the top ten industries in the sample.
2 At the firm level, the firms that pledge patents as collateral within these industries are not a high-tangibility subsample. To show this, in Table 3 I construct the firm-level tangibility measure used in Berger et al. (1996) and Almeida and Campello (2007) and compare it for firms that do and do not pledge patents as collateral. Firms that pledge patents as collateral are not significantly higher-tangibility, even within the low-tangibility industries where this activity is most common. Individual examples also illustrate that patent collateral can be valuable in its own right. For example, Insite Vision, a developer of optical pharmaceuticals, raised $6 million of debt financing in 2005 (more than the total assets reported on its balance sheet) by pledging its patent portfolio as collateral. The money financed clinical trials, and the company warned investors that restrictive debt covenants or lack of access to debt finance might inhibit future product development. In another example, Scientific Learning, an educational software company, added patent collateral to a loan portfolio after deteriorating financially and violating a loan covenant. The lender simultaneously reduced the amount of the loan, but presumably the additional collateral kept the consequences from being worse. These cases and others are described in the Appendix, and the accounting and legal literature provide further examples (see, for example, Loumioti (2012)).
Finally, my empirical strategy will also address the issue of whether patent collateral is economically valuable, because the events that I study affect creditor rights for patent collateral alone. If patents are not valuable collateral, I would expect to see no large impact on firm behavior in response. Thus, my findings will offer evidence on the economic importance of patent collateral to innovation financing and investment.
The existence of a market for patent-collateralized loans is puzzling from a theoretical perspective: Patents support risky firms; they are difficult for lenders to value or sell; and they are difficult to seize in default relative to tangible assets. All three of these constraints are commonly stated as reasons that secured debt is not typical for innovative firms (Hall and Lerner (2010); Stevens (2005) ). In the remainder of the paper, I examine the third of these factors -the weakness of creditor rights in default -and I demonstrate that a strengthening of creditor rights has significant effects on financing and investment in innovation, suggesting that this can be a valuable target for policies attempting to increase access to finance for innovative firms.
Identification strategy
Patent collateral claims are not perfectly enforced in bankruptcy. This increases the probability of the borrower retaining its patents in default, while impeding secured lending in the first place by weakening the lender's remedies, contributing to the assumption in many studies that intangible assets cannot be used as loan collateral. This imperfection in the contract space for patent-backed financing provides both the motivation and the identification strategy behind my study.
The key legal issue on which I focus is the conflict between state and federal law governing ownership claims to patents. Property claims and security interests are governed by state law for most asset classes, but the Patent Act also defines property rights to patents, and the scope of this language in preempting state laws has been the subject of an evolving caselaw. For example, as of the late 1990s it was expected that the Patent Act might nullify state-level filing systems for the perfection of security interests in patents (see Stevens (2005) for a discussion). This was already the case with copyrights, which are similarly created by the federal Copyright Act, as well as for railroads and aircraft, which are regulated at the federal level.
Before describing these cases, I first explain how creditor rights vary across states. First, I describe the automatic stay feature of the bankruptcy code, which limits creditor rights. Second, I describe variation in the strength of the automatic stay across states. Finally, I explain the court cases, which amplified the magnitude of this variation for patent collateral.
Avoiding the automatic stay
The most common measure of creditor rights is the presence or absence of automatic stay protection in bankruptcy (see, for example, La Porta et al. (1997) ). Beginning from the moment of a bankruptcy filing, the automatic stay requires the judge's approval before a secured creditor can claim the firm's assets. Even if the creditor succeeds in doing so, the automatic stay creates substantial delay in acquiring the collateral. Aside from being costly in its own right, this delay damages the recovery value of the collateral, as no one has sufficient incentives to maintain this value in the meantime. Kieff and Paredes (2004) note that this concern is particularly acute with patent collateral, for which maintenance includes prosecuting infringers and pursuing value-maximizing strategies like cross-licensing.
The United States imposes an automatic stay, contributing to its weak creditor rights score in empirical studies. However, many borrowers evade the automatic stay by selling their collateral to a bankruptcy-remote special-purpose entity (SPE), which remains solvent (and thus free to transfer the collateral to the lender) if the borrower files for bankruptcy. In particular, it is standard practice for innovative companies to locate their patents in special-purpose entities (Cowan and Newberry (2013) ).
Anti-recharacterization statutes
Transfering collateral to an SPE can protect secured lenders from the automatic stay, but the success of this strategy is not certain. Bankruptcy judges have the discretion to rule that the transfer was, in economic content, closer to a financing transaction than to a true sale, a ruling known as recharacterization. Seven states have adopted antirecharacterization statutes to limit this risk. These laws treat any collateral transfer as a true sale if it is labeled as such. This provides enhanced creditor rights for borrowers located in these states, by making it more likely that the collateral is found to be bankruptcy remote, and therefore that secured creditors evade the automatic stay.
4 Table 4 lists the states and adoption dates of the laws.
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It might seem natural to exploit this cross-sectional variation by regressing outcome variables of interest (secured financing and innovation output) on the presence of an anti-recharacterization law. However, this specification would suffer from an omitted variable bias, since the assignment of laws and companies to states is non-random, and is itself correlated with the outcome variables of interest (for example, if the laws were the outcome of lobbying). Moreover, this strategy would not isolate the economic importance of patent collateral as opposed to other asset classes, because the state laws applied to all asset classes equally. This means that any findings from this strategy might not generalize to firms consisting mainly of intangible assets, which are an important set of firms from the perspective of innovation investment. Instead, I exploit four court decisions that amplified the importance, for patents specifically, of this cross-sectional variation.
Court decisions
Each of the four decisions resolved an apparent conflict between state and federal law with respect to ownership claims in patents. This is a frequent source of uncertainty for patent collateral, because patent ownership is governed both by state property law and by federal patent law. Each decision narrowed the interpretation of patent law in defining property rights over patents, leaving more scope for state law to do so. Thus, they plausibly strengthened perceived creditor rights for firms located in states with relatively stronger creditor rights (although none of the decisions directly mention the anti-recharacterization laws described above).
Crucially, the timing of each decision was plausibly random with respect to any differential trends in my outcome variables of interest between states with and without anti-recharacterization laws. The four decisions came 53, 20, 30, and 34 months after the respective events triggering them, which in turn had a large idiosyncratic component. The lengths of these delays were driven by the argument and deliberation of each case, which is plausibly exogenous to any contemporaneous differential trends between states with and without anti-recharacterization laws. Finally, it was not known at the start of the deliberations that the conflict between state and federal law would be the deciding issue in each case.
The remainder of this section briefly explains the effect of each decision. Appendix B.1 provides more detail about their content, as well as citations to external sources discussing them.
The first decision, Rhone-Poulenc Agro v DeKalb Genetics, was a rehearing of a patent infringement lawsuit. Overturning the previous ruling, the Court of Appeals for the Federal Circuit narrowed its interpretation of the Patent Act's bona fide purchaser defense to reflect more closely the principles of state common law. Specifically, the court reversed its previous decision that a non-exclusive licensee could claim the bona fide purchaser defense under patent law. It justified this with the fact that state laws typically require the acquisition of title to be considered a bona fide purchaser, and stated its desire to restrict as much as possible the preemption of state law for ownership of patents. The ruling demonstrated a strong inclination to leave state property law intact for patents wherever possible. The decision was announced on March 26, 2002.
In the second decision, Pasteurized Eggs Corporation vs. Bon Dente Joint Venture, the bankruptcy court in a Chapter 11 proceeding ruled that patent law does not recharacterize limited transfers of patent ownership (in which the original owner retains rights to prosecute infringers and file followup applications) as licenses instead of sales. This transaction structure also characterizes the method by which patents are transferred to an SPV, and this case was the first to challenge the validity of such a sale. The ruling also found that a state UCC filing is necessary to perfect a security interest in a patent, because the Patent Act's filing system for ownership of patents does not preempt state law with respect to perfection. (A previous case had already determined that state filing is sufficient.) The ruling was announced on May 30, 2003.
In the third decision, Braunstein v Gateway Management, the bankruptcy court in a Chapter 7 proceeding ruled that the Patent Act's filing system for ownership of patents cannot be used to foreclose on a patent without following the provisions of state law. A borrower had defaulted on a patent-backed loan, and the lender sent notice to the Patent Office that it was confiscating the patents under the terms of the loan, believing thereafter that it owned them. However, the court held that under state law this unilateral foreclosure would have required physical possession of the collateral, which is impossible for intangible assets. The court also re-affirmed, as with the previous decision, that perfection of a security interest requires filing with the state, not the Patent Office. The decision was announced on May 15, 2007.
In the fourth decision, Sky Technologies LLC v SAP AG and SAP America, the Court of Appeals for the Federal Circuit ruled that foreclosing on a patent through state procedures is sufficient to effect a transfer of ownership. That is, the Patent Act does not create any special requirements for this process. This was not a bankruptcy case, but hinged on a foreclosure that had previously occurred, the validity of which was challenged because the Patent Office had not been notified. This decision was announced on August 20, 2009. Tables 4 and 5 here.
Specification
The dataset is a firm panel, with all variables observable at monthly or quarterly intervals. A typical difference-in-difference specification for one of the four events would involve restricting to a window around that event date and regressing the outcome variables of interest on this panel, with firm and time fixed effects and appropriate interaction terms to capture the treatment effects. My empirical specification is equivalent to running all four of these difference-in-difference specifications simultaneously and obtaining an average coefficient across them. To do this, I run the specification in event time, stacking event windows of consistent length for each of the four events centered at that event date, an approach taken by Gormley et al. (2013) among others. My event windows are one year long, except when examining patenting outcomes, in which case the windows are lengthened to four years to allow for the delay of developing a new project.
I also collapse the time series before and after each event into one firm-level observation, aggregating the outcome variables within each firm-window, so that each firm-event time series consists of only two observations, a before and an after. This transformation is suggested by Bertrand et al. (2004) and Angrist and Pischke (2009) as a simple way to address potential serial correlation in firm-level residuals.
My general specification is thus:
i indexes borrowers, k ∈ {1, 2, 3} indexes court decisions, s indexes states, and t ∈ {0, 1} indexes before and after windows for each decision. My tests will employ various outcome variables y ikt , but the right hand side of the equation (and the sample of firms) will remain constant. γ ik is a firm-event fixed effect: It can vary between different decisions k, but it stays constant before and after a given decision. That is, the effect of any unobserved heterogeneity can change between event windows as long as it remains constant at the firm level within a given window. δ kt absorbs time-series variation, taking on six different values. β k , the coefficient on the interaction term, is the key variable of interest. The interaction term for court decision k turns on after the corresponding decision is announced (post) in states that have anti-recharacterization laws at that time (law). β k thus captures the causal impact of strengthened creditor rights. I fix the sample of firms at the beginning of each event and hold it constant, to avoid concerns about unobserved entry into the sample after the event window begins. Because the treatment captured by β k varies only at the state-event level, all standard errors will be clustered at this level.
Sample companies
For each event, my sample consists of all Compustat firms that have received at least one patent in the prior ten years in any of four patent technology categories. The categories I consider are Chemical, Computing and Communications, Drugs and Medicine, and Electronics (codes 1 through 4 of the technology categories originally introduced by Hall et al. (2001)). I exclude Mechanical and Miscellaneous patents (codes 5 and 6). Companies patenting primarily in the Mechanical category tend to be fairly high-tangibility and not as reliant on patent collateral, and those in Miscellaneous represent a broad range of industries that often are not primarily innovative (such as Furniture, Apparels, or Receptacles).
I restrict to firms that can be matched with NBER and Compustat identifiers. I remove companies headquartered outside the United States, and companies with SIC codes beginning with 9 (government entities) or 6 (financial companies). Finally, I exclude the top ten companies by patent portfolio size. This does not qualitatively affect my results, as these companies do not significantly respond to the natural experiment (and are not likely to be credit constrained), but it leaves treated and untreated subsamples that are more comparable than they otherwise would be, since the top patenting companies are disproportionately located in Delaware and are in the right tail of many observable firm characteristics. The companies removed are IBM, Micron Technology, HewlettPackard, Intel, Motorola, Microsoft, Lucent Technologies, Texas Instruments, Kodak, and Sun Microsystems. Results are not significantly affected if five or twenty companies are removed instead of ten.
The sample restrictions leave me with 1,952 unique sample companies, of which 73% are either incorporated, headquartered, or produce patents in states with antirecharacterization statutes. I code all these companies as being treated by the court decisions. (The high fraction of treatment is due to Delaware's law, which also yields a great deal of variation in the physical location of treated companies.) Table 6 presents a comparison of the treated and untreated companies across several financial variables. I retain one observation for each sample company before and after each event (see previous section), resulting in a dataset of 10,628 firm-observations. Using my combined Dealscan and EDGAR data, I am able to observe covenant strictness levels for 4,982 of these firm-observations (carrying forward strictness levels for observations in which it is not observed to change). Table 6 here.
Results

Collateral usage
I first investigate how the usage of secured debt responds to a strengthening of creditor rights. The dependent variable is an indicator for whether a company pledges patents as loan collateral within a twelve-month window around each court decision. Table 7 here. Figure 5 here.
The results of the estimation are reported in Table 7 . The average effect of a strengthening of creditor rights, reported in Column (1) of Panel (a), is a 1.40% increase in the probability that a company pledges its patents as collateral in the year following the event. This increase in the probability of borrowing is accompanied by an increase in the amount borrowed: In Column (2), the outcome variable is Compustat's annual long-term debt issuance variable for the fiscal years before and after the shock occurs. Long-term debt issuance increases by 1.76% of the firm's total assets on average. This can capture both the creation of new credit agreements and increased borrowing under existing agreements. In sum, patenting firms become more likely to borrow against their patents when the patents become more pledgeable as collateral, and they receive more credit as well. It may seem unsurprising that the usage of patent-backed debt increases when patents become more pledgeable, but this finding is a necessary first condition for an investigation of how creditor rights affect innovation, and is not trivial in light of previous research (see Section 4).
To address concerns about differential trends between the treated and untreated groups, Panel (a) of Figure 5 interacts the probability of pledging patents as loan collateral with monthly indicators to show that the treatment effect appears at the event dates, not as a pre-trend. The figure restricts to firms with at least 20 patents, which is the subsample in which the effects are mostly clustered (see Section 3.4 below). Panel (b) of Table 7 separates firms by their primary patenting area out of the four technology areas that I consider (Chemical, Computing, Drugs/Medicine, and Electronics). Firms in all four areas are consistently more likely to pledge their patents as loan collateral in response to a strengthening of creditor rights, although the decreased sample size and power makes these results not individually statistically significant. Table 8 does the same  for the debt issuance variable, and Tables 16 and 17 examine the effects across the most common states in which sample companies are located (for which the identifying variation comes from the company's state of incorporation). Table 8 here.
Having established the positive effect of increased creditor rights on secured financing, I turn next to an examination of the real effects on firm activities. In particular, I will focus on measures of the firm's investment in innovation.
Research investment and patenting output
I first examine the effect of stronger creditor rights on investment in R&D. I repeat the previous specification, but replace the outcome variable with the firm's annual R&D expense scaled by its total assets. Column (3) of Table 7 reports the result. On average, R&D expense increases by 1.75% of the firm's total assets for a firm experiencing a strengthening of creditor rights relative to one that does not. This finding demonstrates that the marginal credit supply is channeled towards research, so that stronger creditor rights translate into real effects on innovation output. One implication is that investment in innovation faces financing constraints, consistent with previous studies that focus, for example, on investment sensitivities to cash flows (Brown et al. (2009) ). Table 9 shows that all four technology areas exhibit increases in R&D expense, although the effect is not economically significant for firms that primarily patent in the Computing category. Table 9 here.
The positive effect on R&D expenditures within a one-year window translates into subsequent production of innovation. To show this, I measure innovation through the patenting output of sample firms during a four-year window after each event. I obtain all new patent applications filed by sample companies subsequent to the event dates, restricting to those that were ultimately granted so that I can observe the company name. For the third and fourth events, this also requires the new patent-firm matches that I create after 2006. I time the new patents to the date that the application is received by the Patent Office, and I examine the number of these applications, the citations they receive, and the technology categories that they represent. Table 10 here.
In Panel (a) of Table 10 , I repeat the main specification. In Column (1) the outcome variable is the number of new applications filed by the firm. Columns (2) and (3) decompose this effect along the extensive and intensive margin (the outcome variables are, respectively, an indicator for filing an application, and the number of applications conditional on filing).
Firms subject to a strengthening of creditor rights increased their patenting output, with little effect on the extensive margin in Column (2) (the probability of patenting) but an economically large effect on the intensive margin in Column (3) (the number of patents filed, conditional on filing at some point in the window). However, these average effects across the sample of firms are not statistically significant. Panel (b) demonstrates that the findings are particularly concentrated, and become statistically significant, among firms that have large patent portfolios. The panel repeats all the above specifications, but restricts to the subsample of firms that own 20 or more patents as of the event date. This subset represents roughly one-third of sample firms, but they are the most economically important from the perspective of innovation, accounting for 95% of the existing patent stock in the sample and 87% of new applications. The effects of strengthened creditor rights on patenting output become statistically significant for this subsample, and the effect on the extensive margin of patenting in Column (2) becomes slightly positive, though still insignificant. This heterogeneity will be explored further in Section 3.4.
Panel (b) of Figure 5 displays how this treatment effect evolves over time, using the number of new patents produced as the outcome variable. As with Panel (a), the figure restricts to firms with at least 20 patents, as there is a negligible effect on the outcome variable for the rest of the sample. There is no trend separating the two groups before the event date, but instead a gradually increasing effect over the span of several years, reflecting the lag involved in developing a new technology.
A common concern in empirical research on patenting output is that not all patents are created equal. In this setting, one might be concerned that the new patents do not represent valuable innovation, but rather an increased labeling of low-quality ideas with patent applications in the hopes of obtaining collateral value from them. In principle, this is not likely to be a concern with my results, for two reasons: First, the effect develops gradually in Figure 5 , which would not be expected if firms are merely patenting existing or meaningless ideas. Second, lenders must believe that patents have value in order to lend against them. As a final way of dealing with this issue, Column (4) of Table  10 weights patents by the citations they have subsequently received from other patents, which is a common empirical approach to distinguishing between economically important and unimportant patents. The effect of strengthened creditor rights on citation-weighted patenting output in Panel (b) is about 219 for firms with at least 20 patents. The average citation count of patents produced by this subsample is 3, so the impact on citation-weighted patenting is much larger than the value that would be expected if the new patents were of marginally lower economic value. Instead, the marginal patents are more valuable, at least as measured by citation counts.
Column (4) in Panel (b) demonstrates a new finding using this subsample: Stronger creditor rights increase not only the quantity and quality but also the diversity of patenting output. To show this, I measure the number of technology categories in which a company files patents, using the 22 technology categories identified in Hall et al. (2001) (these are sub-categories of the four main categories employed throughout the analysis). The average effect is roughly one-fourth of a sub-category over the four-year window. For comparison, the median patenting firm only files in 2 such categories over a four-year period. In other words, in response to a strengthening of creditor rights, about one in four companies files a patent application over the subsequent four years in a technology category in which it was not already present, which represents a 50% increase over the diversity of the median patenting firm's diversity in that window.
The effect on patenting diversity is noteworthy, because it shows that a strengthening of creditor rights not only allows firms to pursue new projects in their core technology areas, but also enables them to pursue research outside these areas, representing an increase in the risk of the firm's investment in innovation. One might expect that this diversity represents a decrease in firm risk, not an increase, as is often the interpretation when firms undertake diversifying acquisitions. However, the new patents in this setting are produced, not acquired, so their success could not have been forecast in advance. Even after the application date, which is the timing that I use, there would have been substantial uncertainty about the probability of the patent being granted, and the cash flows it would produce conditional on being granted. Also, the patents produced in response to the events saw an average subsequent delay of 2.85 years from the application date to the grant date, so that any diversification benefits were far in the future at the time the projects were started. Thus, it is more reasonable to interpret the increased diversity of patenting as an increase, not a decrease, in firm risk.
My findings so far demonstrate that innovative firms are more likely to employ their patents as collateral in response to strengthened creditor rights. By doing so, they are able to raise more financing, and these funds flow towards investment in research. Ultimately, they produce more patents which are of higher quality and span a broader range of technology areas. However, the allocation of credit is not the only function of financial contracts -the terms on which credit is extended also have real impacts on firm decisions. In particular, the ability to undertake risky investments is constrained by financial covenants. I therefore turn next to an examination of those terms, as captured in the structure of the financial covenants of secured debt contracts in the sample.
Covenant strictness
My previous findings demonstrated the effects of strengthened creditor rights on the provision of credit. In this section, I demonstrate effects on the terms of that credit. I restrict to the subsample of firms for which I observe a loan (or amendment to a loan) and its covenant structure, either from Dealscan or from my automated search of EDGAR filings, both before and after an event date. For these observations, I use the borrower's most recent data from quarterly Compustat to construct the covenant strictness measure developed in Murfin (2012), which reflects the probability that a firm violates any of its covenants over the next quarter (and thus enters technical default). I then repeat my previous specification, using as the dependent variable the measure of covenant strictness.
The result is reported in Table 11 . Table 11 here.
The increases in creditor rights have significant, negative effects on covenant strictness. On average, the ex ante probability of covenant violation and resulting control rights transfer decreases by 2.1% at a quarterly frequency for treated firms relative to untreated firms. The interpretation is that lenders accept weaker control rights when they receive greater bankruptcy protection. For a sense of the economic importance of this effect, the mean strictness measure in my sample is 16.7%, so the reported coefficient translates into a roughly 5.0% lower annual probability of a covenant violation. Chava et al. (2013) show that a single covenant violation is associated with significant decreases in both capital expenditures and R&D, so the loosening of covenant structures captured by the regression represents significant operating flexibility for the firms in my sample.
To get a sense of the strictness of the contracts in relative terms, rather than as an absolute measure, Column (2) of Table 11 , Panel (a), replaces the dependent variable with an indicator for being above the cross-sectional mean contract strictness. The result, a negative effect of 3.0%, demonstrates that firms receive looser covenant structures in relative as well as absolute terms in response to a strengthening of creditor rights.
The finding that lenders and borrowers trade off creditor control rights in default against creditor control rights ex ante (in the form of loan covenants) is a novel contribution of my study. This finding demonstrates that collateral value can substitute for covenant tightness in secured lending. Given the substantial real effects of covenant tightness on firm investment as documented by many previous empirical studies, this linkage is an important one to understand in considering the connection between financing frictions and the real economy.
Portfolio size and interactions between firms
In Table 10 , I demonstrated heterogeneity of the effects on patenting output based on the size of the firm's existing patent portfolio. In this section, I explain why that heterogeneity arises: The effect of strengthening creditor rights to patent collateral is to increase the pledgeability, and therefore the collateral value, of individual patents. Firms with larger patent portfolios therefore receive a greater shock to their stock of pledgeable assets when creditor rights strengthen.
To demonstrate this fact, in Table 12 I return to three of my key outcome variables: the probability of pledging patents as collateral, the number of applications subsequently filed, and the number of technology categories in which a firm files patents, in Columns (1), (2), and (3) respectively. The specification is modified by interacting all covariates with the log number of patents owned by the firm. The table reports only the two key coefficients of interest. The first is the interaction term from all the previous specifications, and the second is the further interaction of this term with the firm's log number of patents. The first of these two thus captures the effect of strengthening creditor rights on a firm with only one patent (so that the log count is zero). The second reflects the marginal effect of doubling the firm's portfolio size. Table 12 here.
In all three specifications, the new interaction coefficients are positive, and in the first two they are statistically significant, showing that the effect of increasing patent collateral value is stronger for firms with more patents, as is intuitive. Panel (b) demonstrates the same finding in a less paramatric way, dividing the firms into subsamples at the 20-patent threshold used earlier (the top third of firms by patent portfolio size). Again, the effects are much more positive for firms that have larger patent portfolios.
These findings also highlight an empirical puzzle: For firms with few patents, a strengthening of creditor rights leads to a decrease in patenting volume. The aggregate effect of the events on patenting output is still positive, as the negative effect for firms with few patents is far outweighed by the positive effect on those with many patents. Nevertheless, the finding warrants further examination. One might hypothesize, for example, that firms with small patent portfolios exhibit unique frictions or agency problems that cause them to invest more conservatively than firms with large portfolios in response to a strengthening of creditor rights. The next set of findings demonstrates that this is not the best explanation. Instead, the negative effect on patenting by small-portfolio firms reflects an externality in the form of interactions between the two subsamples.
To show this, I divide firms according to the technology category in which they file most of their patent applications, interpreting this category as the firm's market. For each such market, I compute the average log portfolio size in that market as a measure of competitor size. I restrict the sample to firms with fewer than 20 patents, as in Table  12 , Panel (b), Column (3). In Table 13 , I return to an examination of the effect of strengthened creditor rights on these firms' patenting output, and I investigate how this effect interacts with the size of the patent portfolios owned by the firm's competitors. Table 13 here.
In Column (1) of Table 13 , I reproduce the finding that these firms exhibited a negative average effect of strengthened creditor rights on patenting volume. In Column (2), I interact this treatment effect with the measure of competitor size. The interaction is significant and negative, but the main treatment effect (as average competitor patent portfolio size approaches zero) is positive. The interpretation is as follows: The strengthening of creditor rights benefits all firms through the provision and terms of credit, but this benefit accrues differentially depending on the amount of collateral the firm has available. In markets where large-portfolio firms compete with small-portfolio ones, the greater benefit accruing to the former allows them to take market share from the latter. When small-portfolio firms do not have large-portfolio competitors, they exhibit the same positive effects of creditor rights as other firms.
In ongoing work, I further substantiate this interpretation by merging in data from SDC Platinum on the acquisition activity of sample firms. Preliminary results are in Tables 14 and 15 . In Column (1), the outcome variable is an indicator for undertaking an acquisition. In Column (2), it is an indicator for an acquisition that brings in at least 5,000 employees. Companies experiencing a strengthening of creditor rights exhibit increased acquisition activity, both in terms of dollar value and in terms of human capital (number of employees), but only if they have large patent portfolios. The external acquisition of physical assets and human capital by large-portfolio firms provides a plausible mechanism by which their success might result in decreased production of patenting by competitors with small patent portfolios, which are presumably the targets of these acquisitions. Tables 14 and 15 here.
Patent portfolio size and firm size
This section has shown that patent portfolio size is a significant intermediary for the effect of strengthened creditor rights on financing and innovation by research-intensive firms. However, patent portfolio size is not randomly assigned to firms, raising the possibility of an omitted variable bias -the size of a firm's patent portfolio may be correlated with some other trait that drives the results. The most obvious concern is that patent portfolio size is simply a proxy for other typical measures of firm size, such as total assets. Firm size is known to correlate with many important unobservable firm characteristics, so it would be difficult to say for sure that none of those characteristics was truly driving the results if patent portfolio size was simply another measure of firm size.
Perhaps surprisingly, this concern is not warranted. The results of this section are not replicated when firms are sorted on total assets instead of patent portfolio size: For example, Columns (1) and (4) of Table 12 demonstrate that the probability of pledging patents as loan collateral is significantly increasing in patent portfolio size, but not in total assets. Tables 15 demonstrates a similar finding for acquisition activity. Indeed, among sample firms, the correlation between log total assets and log patent portfolio size, while positive, is only 40%. For comparison, the logarithms of sales, assets, employment, and other size variables all have correlations of 80-90% in the cross-section in annual Compustat data.
Thus, the most plausible interpretation of the interactions with patent portfolio size is that they capture the strength of the collateral shock represented by the court decisions.
Firms with large patent portfolios respond to the creditor rights shocks more positively than other firms primarily because their larger collateral portfolios magnify the effects of shocks to creditor recovery values. However, these firms are not necessarily "large" along other dimensions.
Reconciling with previous studies
Previous empirical studies of creditor rights and innovation typically reach the opposite conclusions to mine. Acharya and Subramanian (2009) and Seifert and Gonenc (2012) find lower rates of patenting and usage of secured debt by innovative industries in countries that have strong creditor rights, or that have recently strengthened creditor rights. Acharya et al. (2011) demonstrate a further negative relationship between creditor rights and firms' willingness to take risks. Vig (2013) shows that firms used less secured debt, and invested more conservatively, in response to a strengthening of secured creditor rights in India.
The difference in our conclusions can likely be explained by institutional differences between the United States and the countries driving their results. Most notably, India -the setting for Vig (2013) -is a country with particularly strong creditor rights but weak enforcement of the law, receiving scores of 4/4 and 4.17/10 respectively in these categories in the original classification of La Porta et al. (1997) . Similarly, the reforming countries that provide the identifying variation in Acharya and Subramanian (2009) have an average creditor-rights score of 2.9 out of 4, but an average rule-of-law score of 8.35, with two of nine countries (Indonesia and Israel) scoring below 5. The United States, by contrast, receives a score of 1 out of 4 for creditor rights -partly due to the strength of its automatic stay in bankruptcy -but receives the maximum rule-of-law score of 10.
Taken together, the results of our studies suggest that strengthened creditor rights are effective for fostering financing and innovation when they are not extremely strong to begin with. Furthermore, since an important mechanism for my results is the loosening of restrictive ex ante loan covenants, the strict enforcement of contractual contingencies in the United States may be another critical factor in my findings. This is consistent with evidence from Lerner and Schoar (2005) , who show that financial contracts exhibit more state contingencies in countries with stronger legal enforcement, as well as Ponticelli (2013) , who demonstrates that the effectiveness of legal reform depends on the effectiveness of its enforcement.
Conclusions
I have introduced a novel dataset on patent-collateralized debt to document the importance of patent collateral to the financing of innovation. Given this importance, I ask whether stronger creditor rights in default increase or decrease the usage of secured finance and investment in research by patenting firms. The evidence shows that stronger creditor rights result in increased access to finance, as well as greater financial flexibility through loosened loan covenants. The mechanism for these effects is an increase in patent pledgeability, which makes patents more effective as collateral. The effect of creditor rights in default on contract covenants outside of default represents a previously-undocumented tradeoff between ex post and ex ante control rights. With increased access to credit and increased financial flexibility, firms invest more in research and subsequently produce more patents, which span a wider range of technology categories. For firms that have few patents, but that compete with firms with large patent portfolios, the strengthening of creditor rights leads to a decrease in patenting output as they are put at a competitive disadvantage compared to the large-portfolio firms. For all other firms, the effect on innovation output is positive. My findings demonstrate that intangible collateral can have significantly more economic value than previous studies have realized. On the other hand, legal uncertainty about the status of patent collateral is a major issue for participants in this market. Clarification of these issues leads to large responses in financing and innovation output for research-intensive firms, suggesting a useful focus for policymakers interested in spurring innovation and growth in the economy.
A Patents as collateral Examples
The data include a wide range of companies and financing structures. The common thread in each deal is the importance of patent collateral.
The largest patent collateral portfolio in the sample comes from Eastman Kodak's debtor-in-possession financing with Citigroup in January 2012, a portfolio of 7,741 patents. Nearly as large is the portfolio for a loan made to Xerox in June 2002, in which it pledged 7,442 patents to a syndicate of 13 banks, with Bank One as lead arranger. The detailed documentation relating exclusively to patent collateral testifies to its importance in these deals. (An excerpt from the Xerox deal appears on the following page.) However, the most interesting events for my study are those involving borrowers with few pledgeable assets other than patents.
For example, Insite Vision, a developer of optical pharmaceuticals, has issued private placements of patent-collateralized debt several times. One example, from December 2005, raised $6 million debt financing, with Bank of New York as the collateral agent and Paramount BioCapital as the main investor. As a result, Insite reported $6.1 million of debt outstanding in 2006Q1, despite having zero sales or revenues, only $3.9 milion in cash or equivalents, and only $4.7 million in total assets. The all-asset lien included the company's portfolio of 32 pharmaceuticals patents, which were eight years old on average and have received a median of 13 citations and a mean of 18 (compared to a median of 4 and mean of 10 citations for the universe of all patents). A press release from the date of the deal closing announced that the funds would go towards clinical trials and future applications for approval of new products, and financial statements in the subsequent securities registration statement warn that restrictive debt covenants or lack of access to debt financing might interfere with the company's operations.
In another example, Scientific Learning, a developer of educational software, amended an existing secured credit agreement with Comerica Bank in August 2012 to add its portfolio of 81 patents to the collateral pool, where they had previously been explicitly excluded. The company's revenues had been declining, and it had recently violated a financial covenant. Simultaneously with the loan amendment, the lender reduced the commitment amount and tightened the covenant structure. However, the addition of patent collateral provided the lender with recovery value in default and may have prevented it from withdrawing the credit line completely, which would have seriously jeopardized the company's survival. The example demonstrates that collateral, and in particular patent collateral, can subsitute for the downside protection achieved through tight covenants or credit rationing. Standard errors in parentheses * p < 0.10, * * p < 0.05, * * * p < 0.01 Table 1 : Cross-sectional model of probability of a patent being pledged. The sample is all patents granted since 1980, and the outcome variable is an indicator for whether the patent has since been pledged as collateral. Public company is an indicator for whether the patent can be matched with a Compustat firm. Ln(Competitors) is the log number of distinct firms that have filed a patent in this patent's technology category (using the subcategories introduced in Hall et al. (2001)). The last two terms are a quadratic time trend to match the pattern captured by Figure 1b . All non-categorical variables except for the time trends are demeaned. Table 3 : Tangibility measures for firms that do and do not pledge patents. The first is defined as in Berger et al. (1996) and Almeida and Campello (2007) : T angibility = (0.715 * Receivables + 0.547 * Inventory + 0.535 * P P &E + Cash)/Assets. Standard errors in parentheses * p < 0.10, * * p < 0.05, * * * p < 0.01 Table 9 : Effect of strengthened creditor rights on firm investment in R&D. The dependent variable is R&D expense as a fraction of total assets. The coefficients are interaction terms that turn on after each event for companies incorporated in states with anti-recharacterization laws (see Specification 1). The event windows are one year long. Column (1) reports the average effect across all firms, and the remaining columns demonstrate for firms that primarily patent in each of the four technology categories considered in my sample. Standard errors are clustered at the state level.
(1) 
Panel (b):
Only firms with at least 20 patents as of the event date. Table 10 : Effect of strengthened creditor rights on innovation investment and output. In Column (1), the dependent variable is an indicator for whether the firm files a new patent application, capturing the extensive margin of patenting activity. In Column (2), the dependent variable is the number of applications filed by patenting firms, capturing the intensive margin. In Column (3), the dependent variable is the citation-weighted number of applications filed (equivalently, the total number of citations received by patents produced in response to the events). Finally, in Column (4) of Panel (b), the dependent variable is the number of technology categories represented by the firm's patents, and the sample is restricted to companies that actually file a patent in the event window. The event windows are four years long. The coefficients are interaction terms that turn on after each event for companies in states with anti-recharacterization laws (see Specification 1).
(1) (a) , where it is the probability of that strictness measure being above the cross-sectional mean (a relative instead of an absolute measure of strictness). The event windows are four years long. The coefficients are interaction terms that turn on after each event for companies in states with anti-recharacterization laws (see Specification 1). Panel (b) reports separate effects for the four technology classes considered in the study. The figures exhibit level changes at the event date, rather than any differential trends separating the treated and untreated groups. The sample is restricted to companies owning at least 20 patents as of the beginning of the event window, as this subsample drives the positive effects (see Table 12 ).
(1) Table 12 : Effect of patent portfolio size. In Panel (a), the first coefficient reported is an interaction term that turns on after each event for companies in states with antirecharacterization laws. The second coefficient further interacts the first with the logarithm of the number of patents owned by the firm. Firm fixed effects, time fixed effects, and all interaction terms are included. In the last column, the interaction is with firm total assets instead of with patent portfolio size. Panel (b) takes a less parametric approach, dividing the sample at 20 patents and reporting separate effects for the two subsamples.
(1) Table 13 : Interactions between firms with small and large patent portfolios (using 20 patents as a cutoff). The dependent variable is the number of applications filed in a fouryear window. The first coefficient reported is an interaction term that turns on after each event for companies in states with anti-recharacterization laws. The second coefficient further interacts the first with the average across all firms in the same industry of the logarithm of the number of patents owned by the firm.
(1) Table 14 : Response of acquisition activity to a strengthening of creditor rights, restricting to firms with at least 20 patents. In Column (1), the outcome variable is an indicator for the firm's undertaking an acquisition in a two-year window around the event date. In Column (2), it is an indicator for an acquisition that brings in at least 5,000 employees.
(1) Table 15 : Response of acquisition activity to a strengthening of creditor rights. In Column (1), the outcome variable is an indicator for the firm's undertaking an acquisition in a two-year window around the event date. In Column (2), it is an indicator for an acquisition that brings in at least 5,000 employees. The estimates demonstrate that firms with large patent portfolios are significantly more likely to undertake such acquisitions in response to a strengthening of creditor rights; Column (3) and (4) show that this effect does not hold when the interaction is with total assets.
B.1 Court decisions and implications
This section provides more detail about the four bankruptcy court decisions used in my identification strategy, and how each represented a relative increase in the perceived importance of state law for defining property rights to patents.
Case 1: Rhone-Poulenc Agro v DeKalb Genetics Corp.
This decision was made on March 26, 2002 by the Court of Appeals for the Federal Circuit, reversing a previous ruling by the same court. That previous ruling, from 2001, addressed the applicability of the bona fide purchaser defense to non-exclusive patent licensees. In that ruling the court had held, first, that it was necessary to articulate a federal common law for this issue (thus overriding state law); and, second, that the court was bound to respect a prior precedent (Heidelberg Harris, Inc v Loebach) in determining the content of the new law, forcing it to conclude that any licensee had access to the bona fide purchaser defense. This conclusion protected the defendant against any claim of infringement. However, the plaintiff petitioned for an en banc rehearing so that the court could reconsider the latter conclusion. The 2002 ruling (the outcome of the rehearing) was able to set aside the precedent and give the issue more nuanced consideration. In this ruling, the court emphasized the importance of overriding state law only where necessary due to explicit language in the Patent Act, and of harmonizing the resulting federal law as closely as possible with the provisions of the state-level Uniform Commercial Code. The resulting law was still federal in nature, but was based on the spirit of state common law, not the Patent Act or prior precedents in patent law. As a result, the outcome of the prior ruling was reversed on the grounds that state laws have hardly ever permitted the bona fide purchaser defense for a party that has not obtained title to the asset, such as a non-exclusive licensee. This allowed the plaintiff to sue for patent infringement.
The 2002 ruling thus demonstrated a strong inclination by the court to overrule state common law for patents only when necessary, and to respect as much as possible the provisions of state law with respect to the ownership of patents. This shift has been noticed in the legal literature: A paper published between the two rulings mentioned the first ruling as a possible indication of a trend toward a growing body of federal common law overriding state laws (Ziff (2002) , footnote 28). The latter ruling, on the other hand, is often cited for its emphasis on state law (for example Young (2008) , footnote 118, citing the ruling's statement that "the interpretation of contracts for rights under patents is generally governed by state law"). Thus, the decisions increased the perceived importance of state law for defining ownership of patents, which plausibly increased the effectiveness of the state-level anti-recharacterization laws for protecting patent collateral. Borrowers must separate themselves economically from the management of assets in a special-purpose entity, or they run a greater risk of a judge consolidating the two in bankruptcy. This is a challenge when patents serve as collateral, because patents require active management, increasing the probability that the transfer of the collateral is not ultimately respected as a sale.
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Pasteurized v Bon Dente involved a patent sale with the same structure: The seller retained the right to infringe prosecutors and file followup applications. After the buyer filed for bankruptcy, the seller argued that this transaction should be characterized as a patent license, not a sale, and therefore that the seller should be able to reclaim the patent from the bankruptcy estate.
The closest available precedent was a case involving standing to sue for patent infringement (Waterman v Mackenzie, 1891). Building on that case, the court held that patent law did not relabel this transaction as a sale. This left the status of such transactions to be a matter for state property law, as it is for most other asset classes, and thus plausibly increased the perceived effectiveness of state-level pro-creditor laws for protecting collateral claims to patents.
Moreover, the ruling re-emphasized that the Patent Act contains no language overruling the requirements of state law with respect to perfection of security interests. This was not a new finding, having been previously established in a 2001 case (In re: Cybernetic Services), but it provided additional weight to the finding, and this ruling is often cited along with Cybernetic in support of that doctrine.
Court documents indicate that the decision was made on May 30, 2003, but (unlike the other decisions) it was originally an unpublished decision. The decision subsequently became a reported one. Conversation with the district court indicated that they have no record of the date that this happened, but that the delay is typically a month. Therefore, I place the publication of the decision in July 2003.
Case 3: Joseph Braunstein v Gateway Management Services
This decision was made on May 15, 2007 by the Bankruptcy Court for the District of Massachusetts. The issue was whether foreclosure on patents can be accomplished by filing notice with the Patent Office, without respecting the foreclosure-related requirements of state law. The patent-backed loan in this case was made in January 2003. In November 2004, the borrower defaulted on its loan payments. The lender notified the borrower and the USPTO that it was confiscating the patent collateral, and believed thereafter that the patents were its property. The borrower never responded, and subsequently it filed for bankruptcy in March 2005.
The court ruled that the lender did not legally own the patents, because the borrower had not explicitly agreed to settle the debt by signing them over, which was required under state property law. Moreover, the lender had neglected to file a financing statement with the secretary of state until within the preference period, so its security interest was unperfected. The filing with the Patent Office did nothing to perfect the security interest, since state law governs the perfection of security interests in patents, consistent with the previous case.
Finally, the lender argued that it had perfected its security interest by taking possession of the patents, even if this did not constitute ownership. Perfection can be accomplished by possession with some asset classes. However, the judge disallowed this too, because state law requires physical possession for perfection in this manner, and physical possession is impossible with intangible assets such as patents.
The ruling illustrates the challenges of creating a credible collateral claim against a patent portfolio. However, by repeatedly emphasizing the role of state law in reaching its conclusions, the ruling plausibly created a relative increase in perceived creditor rights to patents for companies incorporated in states with stronger creditor rights.
Case 4: Sky Technologies, LLC, v SAP AG and SAP America This decision was announced on August 20, 2009 by the Court of Appeals for the Third Circuit. The issue was whether a foreclosure on patents under state law is sufficient to transfer ownership, even when no notice of the transfer of ownership is filed with the Patent Office. A lower court had assumed that this was the case, but acknowledged that there was room for disagreement on the issue and invited appeal of the decision.
The dispute originated with an allegation of infringement brought by Sky Technologies against SAP. The defendants moved to dismiss on the basis that Sky did not have clear ownership of the patents involved. The patents were originally granted to TradeAccess Inc., a Massachusetts company, which later pledged them as collateral to Silicon Valley Bank (a bank specializing in patent-backed lending to high-tech firms) and to Cross Atlantic Capital Partners (a venture fund). The borrower subsequently defaulted and the lenders foreclosed on the patents, following the procedures outlined by the Massachusetts Uniform Commercial Code (staging and bidding at a public auction), but did not file transfer documents with the USPTO. Subsequently, the founder of TradeAcces started a new company, Sky Technologies, which acquired the patents from the lenders once more.
SAP and Oracle alleged that the lenders never truly acquired the patents in foreclosure because they had not notified the Patent Office of this transfer, and because the Patent Act requires a filing with the Patent Office for any assignment of a patent. The court applied a narrower understanding of the term "assignment," distinguishing them from transfers "by operation of law," of which it held that foreclosure was an example. In doing so, it reaffirmed the primacy of state law for determining property rights to patents.
